A study was carried out with 75 germplasm accessions along with two checks (JRO-524 and JRO-204) of tossa jute (Corchorus olitorius L.), over two years (2013 and 2014) at Instructional Farm of Uttar Banga Krishi Viswavidyalaya, Pundibari, Cooch Behar, West Bengal, India, for eight characters, out of which four were fibre yield components (plant height, basal diameter, green weight and fibre yield) and the remaining four were biotic stress components (incidence of yellow mite, semi looper, stem rot and root rot), affecting the fibre yield. The germplasm accessions differed significantly for plant height, fibre yield, the incidence of yellow mite, semi looper and stem rot. The highest fibre yielding accession was OIN-142 (17.15 g/plant) which performed significantly better than the two checks. The mean fibre yield of all the genotypes indicated that the fibre yield loss was more due to the incidence of stem rot and root rot rather than yellow mite and semi looper. The germplasm accession OIN-06, OIN-15, OIN-03, OIN-17, OIN-01, OIN-617, OIN-559 and OEX-09 were found to be tolerant towards stem rot incidence and the root rot incidence was low in OIN-93, OIN-86, OIN-25 and OIN-60. The genotypes were distributed in 12 clusters as per D 2 analysis, out of which cluster-XII had the highest number of genotypes (40) followed by cluster-III (10) and cluster-I (9). The remaining 9 clusters had 2 genotypes each. The highest inter-cluster D 2 value was found between cluster-III and cluster-IV (33.99) and the highest intra-cluster D 2 value was found in cluster-I (35.90). The contribution to total divergence was higher by the four biotic factors namely yellow mite, semi looper, stem rot and root rot as compared to the fibre yield components. The greater difference between the GCV and PCV for the eight characters under study revealed the major role played by the environment in the expression of these characters which were further substantiated by the low heritability and genetic advance of the characters. Among the biotic factors, stem rot and root rot were found to decrease fibre yield significantly with increase in their incidence level. It was the negative association of stem rot and root rot with plant height which was the deciding factor in reducing the fibre yield drastically. On screening of the germplasm accessions by giving proper weightage to tolerance, higher fibre yield and genetic divergence, it was found that the genotypes OIN-03, OIN-06, OIN-15 and OIN-17 in cluster-I and the genotypes OIN-86 and OIN-93 in cluster-XII may be used in a hybridization programme, to enhance fibre yield along with tolerance to the two major biotic stress components, namely stem rot and root rot.
Introduction
Jute (Corchorus sp.) is grown as fibre crop during pre-kharif season and plays an important role in Indian economy. West Bengal alone contributes to 77 % of the total Indian Jute Sinha et al.(2004) . Among the two dominant species of Corchorus namely C. capsularis and C. olitorius it is the C. olitorius which is cultivated extensively in major jute growing areas of the country due to its higher productivity.
Despite tremendous increase in olitorius jute productivity, presently it is encountering several problems from climate change issues, nutritional instability due to higher cost of synthetic fertilizers and several other biotic and abiotic stress factors which not only affects the yield but also the quality of the fibre. Among the biotic stress factors it is the stem rot and root rot (Macrophomina phasiolina tassi Goid), yellow mite (Polyphagotersonamous latus banks) and jute semilooper (Anomis sabulifera Guen) which are the major biotic constraints of jute cultivation in Terai Region of West Bengal as reported by Hath and Chakraborty (2004) and Roy et. al. (2015a and 2015b) .
Studies on genetic divergence in this crop including all the fibre yield components and the biotic stress DOI: 10.5958/0975-928X.2018.00051.0 factors is very much important in formulating a successful breeding program. Multivariate analysis using D 2 -statistics Mahalanobis, (1936) , is a potential tool for estimating the degree of genetic divergence in any germplasm.
Any crop improvement programme is successful only if authentic information on magnitude of genetic variability, genetic advancement, character association and direct and indirect effects of fibre yield attributes and biotic stress factors on fibre yield is available. Genetic diversity for yield components and other factors is important for selection of parents to recover superior transgressive segregates. The presentwork reports on the genetic diversity and variability of tossa jute with respect to fibre yield components and important biotic stress components which drastically reduce fibre yield.
Materials and Methods
The present study was done in two successive seasons of jute growth in 2013 and 2014 under the project "AINP on Jute & Allied Fibres", during the pre-kharif season, at the Instructional Farm of Uttar Banga Krishi Viswavidyalaya, Pundibari, Cooch Behar, West Bengal, India.
Seventy seven genotypes of tossa jute (Corchorus olitorius L.) received from ICAR-CRIJAF, Barrackpore, West Bengal, were sown in Randomized Block Design (RBD) with three replications and each replicate had five lines with an inter and intrarow spacing of 30 cm and 5 to 7 cm, respectively. The recommended agronomic practices were followed to obtain an optimum yield. Observations were recorded from 10 plants which were selected randomly from each replication for the four fibre yield related traits namely, plant height (cm), basal diameter (cm), green weight (g/plant) and fibre yield (g/plant).
The insect pest infestation was recorded at weekly interval since their initiation from ten randomly selected plants from each replication. The semilooper damage was measured as per cent plant infestation based on total number of plants and pest infested plant. The yellow mite population was recorded as number of mite per square centimeter area of underside of the second unfold leaf of the plant. The peak period of pest infestation was considered for comparing the germplasm. The data on semilooper infestation was in percentage and was square root transformed as the entire data was less than 30%.
Disease incidence data were taken at 15 days interval, 30 DAS up to 90 days of crop age Disease severity and disease incidence was calculated on the basis of this data. In case of stem rot, Precentage Disease Index (PDI) was worked out on the basis of actual damage in the individual plant that might cause loss to the plant and the number of plants observed. For this purpose numerical rating is done on actual damage in the individual plant like other crops, but some specific factors are considered for such rating. By repeated experimentation on actual damage and yield loss thereof, the following ratings have been worked out for practical application. The disease infection data was expressed in percentage (both PDI and DI) and hence they were subjected to square root transformation. Additionally 0.5 was added to the data for root rot incidence as some of the data were found to be zero. Thereafter they were subjected to square root transformation.
It is also to be mentioned that the data was recorded from the experimental plots which were not subjected to any kind of plant protection measures. Genetic divergence was studied by multivariate analysis using Mahalanobis D 2 -statistics and the genotypes were grouped into different clusters by Euclidean method (Rao, 1952) .
The general statistical procedure was followed according to standard method proposed by Steel and Torrie (1980) . The analysis of variance (ANOVA) and broad sense heritability (h 2 b ) were estimated from the pooled data over two years (2013 and 2014) . The phenotypic coefficient of variation (PCV) and the genotypic coefficient of variation (GCV) were estimated according to the procedure proposed by Burton (1952) . The expected genetic advance and the genotypic correlation was calculated by the method described by Johnson et al. (1955) . The path analysis was carried out by the method described by Dewey and Lu (1959) . The statistical analysis was done using the software "Windowstat".
Results and Discussion
The weather parameters showed wide variation during the two years 2013 and 2014 (table 1). The analysis of variance (ANOVA) for fibre yield components and the biotic stress factors in tossa jute germplasm, combined over two years is described in table 2. The ANOVA revealed significant difference in "year", as the source of variation, for the traits plant height (cm), basal diameter (cm), green weight (g/plant), yellow mite incidence (no./sq.cm), semilooper incidence (%) and stem rot incidence (PDI) and no significant difference was found in case of root rot incidence (%) and fibre yield (g/plant). The genotypes constituting of 75 germplasm accessions and two checks (JRO-524 and JRO-204), differed significantly for plant height (cm), yellow mite incidence (no./sq cm), semilooper incidence (%), stem rot incidence (PDI) and fibre yield (g/plant). The genotypes did not differ significantly for basal diameter (cm), green weight (g/plant) and root rot incidence (%). The interaction component "year × genotypes" differed significantly for all the traits, indicating a significant influence of variation in weather parameters on the different fibre yield components and biotic stress factors in the tossa jute germplasm under study.
The mean performance of the 75 tossa jute germplasm accessions along with two checks, over two years (2013 and 2014) is described in table 3. The highest fibre yielder was the accession which performed similar to 43 other germplasm accessions, but significantly better than the two checks and . In most of the high fibre yielding accessions, it was observed that stem rot and root rot incidence was lower than the population mean but in case of yellow mite and semilooper incidence, it varied from accession to accession, although they were superior fibre yielding. In some high fibre yielding accessions, it was found that the yellow mite and semilooper incidence was higher than the population mean which indicated that the fibre yield loss in the germplasm accession was more due to stem rot and root rot incidence, rather than the yellow mite and semilooper incidence. , the most susceptible germplasm against stem rot was found to be OIN-108 (3.56), which was followed by JRO-524 (3.55), , OIN-1041 (3.46) , and . The lesser suseptible accessions were OIN-06 (2.32) which was followed by OIN-15 (2.37), OIN-03 (2.44), OIN-17 (2.46), OIN-01 (2.47), OIN-617 (2.54), OIN-559 (2.55) and OEX-09 (2.56). Meena et al. (2015) , reported that four germplasms namely OIN-853, OIN-125, OIN-154 and OIN-651 were found moderately resistant against the stem rot disease whereas, OIN-270 and OIN-932 were found to be moderately susceptible and OEX-27, OIN-467, OEX-15, OIJ-150, OIJ-52, JR0-524 and OIN-110 were found to be susceptible to stem rot. Root rot incidence was more in OIN-1123 (3.59), OIN-06 (3.18) and OIN-49 (2.70) and the less susceptible germplasm accessions against root rot of jute were OIN-93 (1.57), OIN-86 (1.71), OIN-25 (1.89) and OIN-60 (1.98).
The D 2 -analysis revealed that the 75 tossa jute germplasm accessions along with two checks (JRO-524 and JRO-204) were distributed in 12 clusters (table 4). A similar of clustering of tossa jute germplasm was observed by Roy et. al. (2011) and , in tossa jute genotypes. Cluster-XII had the highest number of genotypes (40) followed by cluster-III (10) and cluster-I (9). The remaining nine clusters had two genotypes each. The average intra and inter cluster D 2 values are presented in table 5. The highest inter-cluster D 2 value was found between cluster-III and IV (33.993) followed by cluster-III and cluster-XI (33.898) and cluster-I and cluster-XII (33.417), which revealed that the genotypes in these clusters were divergent and could be used in a hybridization programme. The highest intra-cluster distance was found in cluster-I (35.903) followed by cluster-III (28.944) and cluster-XII (27.450), which indicated that the genotypes in these clusters were divergent and could be used for hybridization. The maximum contribution to divergence was exhibited by the character fibre yield (45.762%), followed by semilooper incidence (23.548%), root rot incidence (10.663%) and stem rot incidence (9.296%). Cluster-XI exhibited the highest mean fibre yield (16.350 g/plant), followed by cluster-X (15.557 g/plant) and cluster VI (15.202 g/plant). Cluster-XI which was the highest fibre yielding cluster was less affected by yellow mite, stem rot and root rot as evidenced by its low mean value for these factors in comparison to the population mean. However, cluster-XI was more affected by semilooper due to its higher incidence as compared to the population mean but it did not affect its fibre yield considerably, since it was still the highest fibre yielder.
For selection of divergent clusters, preference would have to be given to fibre yield as it is the highest contributor (45.762%) towards divergence followed by semilooper incidence (23.548%) and root rot incidence (10.663%). Except fibre yield (g/plant), the contribution to divergence of the four biotic factors namely incidence of yellow mite, semilooper, stem rot and root rot, was higher than that of the fibre yield components namely plant height, basal diameter and green weight.
The phenotypic coefficient of variation (PCV) was found to be greater than the genotypic coefficient of variation (GCV) in case of all the characters (table  7) . The GCV and PCV were found to differ significantly for all the fibre yield components and biotic stress factors, which indicated a major role played by the environment in the expression of these characters. This is in agreement with the findings of Sawarkar et. al. (2014) . The heritability and genetic advance (% of mean) were also found to be very low for all the traits except incidence of yellow mite and semilooper. This is contradictory to the findings of Roy et al. (2015) who reported that higher heritability and genetic advance for fibre yield components. This was perhaps due to the greater interaction of the environment with the genotypes under present study. The effect of the environment on the different traits has already been illustrated earlier in table 2, where the years (environments) were found to differ significantly for all the traits except root rot and fibre yield. The interaction of the year (environment) with the genotypes i.e., year × genotypes component of the sources of variation was found to differ significantly for all the traits. This significant interaction of the year (environment) with the genotypes has been truly reflected by greater difference between GCV and PCV and lower value of heritability and GA (% of mean).
The observations from the genotypic association between the different traits showed that the fibre yield was positively associated with plant height, green weight and incidence of yellow mite and semilooper (table 8) , which is in accordance with the findings of Islam et al. (2001) and Satyanarayana et al. (2015) for fibre yield components in white jute (Corchorus capsularis L.) and roselle (Hibiscus sabdariffa L.). Negative association of fibre yield was found to be with that of basal diameter and incidence of stem rot and root rot. Among the biotic factors, incidence of stem rot and root rot were found to decrease fibre yield significantly, with increase in their incidence level, as depicted by their significant negative association with fibre yield.
The maximum direct effect on fibre yield was exhibited by plant height and closely followed by green weight. Islam et. al. (2004) and Pervin and Haque (2012) also reported similar findings in white jute (Corchorus capsularis L.) and tossa jute (Corchorus olitorius L.), respectively. Hence direct selection for these two traits would significantly increase the fibre yield in the present tossa jute germplasm (table 9). The direct effect of three biotic stress factors namely incidence of yellow mite, semilooper and root rot were found to be negative, which further indicated that any increase in their incidence level would decrease the yield. Inspite of positive association with fibre yield, the incidence of yellow mite and semilooper had negative direct effects which were compensated by their indirect effect on fibre yield via plant height. This is to say that the plant height had nullified the negative effects of the incidence of yellow mite and semilooper. On the other hand the incidence of stem rot and root rot had negative association with fibre yield and low direct effects on fibre yield with the stem rot incidence having a negligible positive direct effect (0.116) and the root rot incidence having a negative direct effect on fibre yield (-0.095). It was the negative association of the stem rot and root rot incidence with plant height which was the deciding factor in reducing the fibre yield drastically. It is evident from the present study that any of the biotic factors attacking the main stem in tossa jute causes the maximum loss in fibre yield as the main stem is the deciding factor for plant height.
The tossa jute genotypes were ranked among themselves within their group formed as per tolerance to the four different biotic stress factors (table 10). In ranking within the group, the genotypes whose fibre yield did not differ significantly from the highest fibre yielding genotype OIN-142 (17.15g/plant) and their higher tolerance to the respective biotic stress factor, were selected and ranked from one onwards. The highest average rank was exhibited by the genotype OIN-133 (1.0) on the basis of tolerance to yellow mite DOI: 10.5958/0975-928X.2018.00051.0 incidence and fibre yield, which was followed equally by two other genotypes OIN-30 (2.5) and OIN-06 (2.5). In case of tolerance to stem rot incidence and fibre yield, OIN-06 (2.5) ranked the first followed by six other genotypes OIN-17 (3.0), OIN-01 (3.0), OIN-03 (4.0), OIN-15 (4.5), OEX-09 (5.0) and OIN-559 (6.0). However, among these seven genotypes showing tolerance towards stem rot incidence, only four genotypes namely OIN-06, OIN-17, OIN-03 and OIN-15 belonged to the divergent cluster-I and the remaining three genotypes OIN-01, OEX-09 and OIN-559 did not belong to any of the divergent clusters and hence their inclusion in the list of parents for hybridization is not recommended as it won"t be fruitful because promising segregates for higher fibre yield and tolerance to stem rot incidence cannot be obtained by using them. With respect to root rot incidence and fibre yield three genotypes namely OIN-93 (2.0), OIN-86 (2.0) and OIN-25 (2.0) had the same average rank. All these genoytpes were distributed in distinct divergent clusters.
The distribution of the tossa jute germplasm accessions exhibiting higher fibre yield along with tolerance to the different biotic stress factors in the three goups of divergent clusters are presented in table 11. In the first group of divergent clusters consisting of cluster-I and XII, five genotypes having higher average rank namely OIN-03, OIN-06, OIN-09, OIN-15 and OIN-17 belonged to cluster-I and three genotypes namely OIN-86, OIN-93 and OIN-133 belonged to cluster-XII. Among these eight genotypes distributed in cluster-I and XII, only three genotypes had higher tolerance to stem rot namely OIN-06, OIN-15 and OIN-17 and two genotypes namely OIN-86 and OIN-93 had higher tolerance to root rot. In the second group of divergent clusters consisting of cluster-III and IV, only two biotic stress factor tolerant genotypes namely OIN-25 and OIN-30 belonged to cluster-III whereas, cluster-IV had no such high ranking genotype. In the third group of divergent clusters consisting of cluster-III and XI, only two genotypes namely OIN-25 and OIN-30 belonged to cluster-III and cluster-XI had no high ranking genotypes. As evident from the character association analysis (table 8) and the direct and indirect effects (table 9), among the four biotic stress factors, only two i.e. stem rot and root rot had negative association with fibre yield due to which the fibre yield of the susceptible genotypes were drastically reduced and hence in the present study of the tossa jute germplasm, emphasis is to be laid on tolerance to stem rot and root rot incidence in combination with higher fibre yield. In this regard, although the divergence of cluster-III and IV is the highest but cluster-IV has no promising genotype, so this group of divergent clusters are not taken into consideration and not recommended for selection of genotypes for a hybridization programme. At the same time the other highly divergent cluster-III and XI also cannot be considered as cluster-XI has no promising genotype (table 11) . So the only option for source of suitable genetically divergent parents for hybridization in the tossa jute germplasm under study, is cluster-I and XII. From cluster-I three genotypes, namely OIN-06, OIN-15 and OIN-17 and cluster-XII two genotypes, namely OIN-86 and OIN-93 can be selected as parents for successful hybridization programme to realize high fibre yielding genotypes along with higher tolerance to the biotic stress factors,.
Hence it can be concluded that in the tossa jute germplasm under study, emphasis may be laid on the characters plant height and green weight for direct increase in fibre yield. On screening of the germplasm accessions by giving proper weightage to tolerance to biotic stress factors, higher fibre yield and genetic divergence, the genotypes OIN-06, OIN-15 and OIN-17 in cluster-I and the genotypes OIN-86 and OIN-93 in cluster-XII, may be used in a hybridization programme, to enhance fibre yield along with tolerance to the two major biotic stress factors of tossa jute namely stem rot and root rot. 
